Extracellular ATP (ATP.) caused a concentration-dependent lysis of mouse thymocytes. Lysis, as judged by release of the cytosolic enzyme lactate dehydrogenase, was preceded by depolarization of the plasma membrane and by Ca2+ influx.
INTRODUCTION
Several effects of extracellular ATP (ATP.) on cellular physiology have been described [1] [2] [3] [4] . However, only recently has attention been paid to the long-standing observation that ATPO is also cytolytic [5] [6] [7] [8] [9] . The lytic properties of ATPO are particularly prominent in lymphocytes and lymphoid cells, in which even short exposures cause irreversible damage to the plasma membrane and release of cytosolic enzymes. ATPO-dependentcytolysis is accompanied in some cell lines by DNA fragmentation [9] , a picture reminiscent of the nuclear alteration of target cells lysed by cytotoxic T lymphocytes. Therefore a role for ATP, as a soluble factor of cell-mediated cytotoxicity has recently been proposed [6, 7, 10] . The intracellular mechanisms whereby ATP0, as well as other cytotoxic factors, triggers DNA fragmentation and cell lysis are unknown, although a role for increases in In order to identify the intracellular messengers that mediate ATPO-dependent DNA fragmentation and cell lysis, we investigated the early alterations in intracellular ion homeostasis and plasma membrane permeability caused by this nucleotide.
We were unable to detect in ATPO-treated lymphocytes and other lymphoid cells the early and non-specific increases in plasma membrane permeability described in mast cells, fibroblasts and macrophages [12] [13] [14] . Uptake of extracellular markers such as ethidium bromide, Lucifer Yellow and Eosin Yellowish occurred only after 30-60 min, coincident with lactate dehydrogenase release, thus indicating non-specific membrane damage.
However, ATPO activated membrane channel(s) which were permeable to Na+, Ca2 , choline (Mr 100) and methylglucamine (Mr 190) , thus causing a depolarization of plasma membrane potential and a rise in [Ca2+]1. Although some of these properties are similar to those of the channel described by Benham & Tsien in smooth muscle cells [15] , the ligand-selectivity differed, as the effective species was ATP4-and not MgATP2-. Furthermore, the channel(s) of lymphocytes also differed from those described by Buisman et al. in macrophages [16] and by Tatham & Lindau in mast cells [17] , having a much lower Mr cut-off. Finally, in thymocytes, in contrast with reports on other cell types [18] [19] [20] [21] , ATP0 was unable to generate InsP3 and mobilize Ca2+ from intracellular stores [22] , thus suggesting a direct coupling of the ATPO receptor to the channel(s). However, a rise in [Ca21]i was not required for lysis, thus indicating that ATPO activates a Ca2+-independent lytic pathway in mouse thymocytes.
EXPERIMENTAL

Cells
Thymocytes were prepared from 3-week-old BALB/c mice as previously described [23] , and kept in a medium containing (in mmol/litre):125 NaCl, 5 KCI, 1 MgSO4, 1 Na2HPO4, 5.5 glucose, 5 NaHCO3, 1 CaCl2 and 20 Hepes (pH 7.4, 37°C). This saline medium was used, unless otherwise indicated, for all experiments, and is hereafter referred to as standard saline. In some experiments NaCl was replaced by an iso-osmotic concentration of choline chloride, methylglucamine or sucrose. In these sodiumfree buffers KCI was omitted, Na2HP04 was replaced with K2HPO4, and NaHCO with KHCOq, and the pH was adjusted I To whom correspondence should be addressed. to 7.4 with Tris/HCl. The J774 mouse macrophage-like cell line was grown as previously described [14] .
Measurement of ICa21i;
Loading with fura-2/AM and measurement of [Ca2+]i were performed essentially as previously described [24] . For measurement of [Ca2+]i, thymocytes were suspended in a thermostatted and magnetically stirred fluorimeter (Perkin-Elmer LS5) cuvette at a concentration of 2 x 106 cells/ml.
Measurement of plasma membrane potential
The measurement of membrane potential using bis-oxonol (100 nM), at the wavelength pair 540-580 nm, was performed as previously described [25] . The fluorescence response was calibrated with gramicidin D or, in Na+-free medium, by sequential additions of 15 mM-KCI. Fig. 3 , Hill plots for the rise in
[Ca2+], (Fig. 3c) and depolarization (Fig. 3d) To test this hypothesis, we investigated the ATPO-induced rises in [Ca2+]i in thymocytes suspended in standard saline (Fig. 5, trace a) or in Na+-free methylglucamine-(trace b) or sucrose-(trace c) supplemented saline. The steady-state rise in [Ca2+] was enhanced 2-fold in the presence of methylglucamine, a cation less permeant than Na+, and 3-fold in the presence of sucrose, a substituent fully impermeant across the ATPO-gated channel. [Ca2+]i rise, probably as a consequence of a decreased activity of the Na+/Ca2+ exchanger. In the absence of extracellular Na+ the plasma membrane potential is hyperpolarized, and therefore the driving force for Ca2+ entry is greater. To rule out a major contribution of a hyperpolarized plasma membrane potential in sustaining a larger Ca2+ influx in Na+-free media, we depolarized thymocytes suspended in Na+, methylglucamine or sucrose with 60 mM-KCl before the addition of ATPO. As shown in Fig. 5 (traces d, e and f) pre-depolarization decreased the ATPO-induced rises in [Ca2+]i, as is expected for an electrogenic Ca2+ influx through a membrane channel. However, in these KCl-depolarized cells the rise in [Ca2+11 was also higher in the absence of Na+, suggesting an ancillary role of a hyperpolarized plasma membrane potential. Fig. 6 [18] .
Some agents known to block Ca2+ fluxes through receptoroperated channels (ROCs) or voltage-operated channels (VOCs) [18, 19] , influx of Ca2+ from the extracellular medium [18, 22] , generation of InsP3 [21] , and uptake of extracellular aqueous solutes of Mr up to 900 [12, 14] . Vol. 274 release of Ca21 from internal stores; therefore the opening of the channel described in this report does not depend on the generation of known second messengers which are putatively involved in Ca2+ gating across the plasma membrane, such as InsP3, InsP4 or Ca2+ itself.
The disequilibrium in intracellular monovalent ion homeostasis appeared to be a main determinant of the lytic effects of ATPO, as lysis was significantly lowered in Na+-free sucrose-containing medium (P. Pizzo, unpublished work). On the contrary, and in contrast with previous results in hepatocytes [30] , a rise in [Ca21]i was not needed for lysis of thymocytes incubated in standard saline solution.
The ATPO receptor in thymocytes shares intriguing similarities with the receptor for excitatory amino acids in central neurons. This latter receptor also gates a channel that causes Ca2+ influx in the absence of Ca2+ mobilization from stores, triggers depolarization of plasma membrane potential, has low selectivity for Ca2+ over Na+ and is putatively involved in cell death (excitotoxicity) [31] . It 
